shows examples of I-V curves for the BDA molecular junctions measured for both forward and backward bias voltage scans. We checked bias-voltage-scan-rate dependence of the current fluctuation within the range of 4 to 400 Hz and found that, for BDA molecular junctions, the current fluctuation was considerably scan-rate dependent ( Figure S1 ). Because the BDA molecule has rigid benzene backbone, the current fluctuation is most probably due to the effects of structural variation in the metal-molecule contact configuration. At slower scan rates, current fluctuation is apparent, which can be ascribed to current-induced heating and resulting structural changes in the metal-molecule contact configuration (see the upper panel in Figure S1 ). We found that a scan rate of between 40 and 400 Hz was fast enough to obtain I-V curves without the large current fluctuations most probably arising from structural changes in the metal-molecule contact configuration. To statistically analyze the current fluctuation, we calculated the following quantity for each I-V curve.
where n is number of the current-data points in each I-V curve, Imeasure is measured current at each data point, Iexpect is expected current, which was calculated from linear fitting using 10 data points before the data point of Imeasure. Figures Based on the structural models ( Fig. 5) , the structural changes correspond to the change in the metal-molecule contact configurations between the hollow and bridge binding geometries. In contrast to the on-top binding geometry at a larger electrodes-separation, the hollow and bridge binding geometries can formed at a similar and smaller electrodes-separations, which can enable the structural transition between the he hollow and bridge binding geometries. In this study, we developed a statistical approach to measure the I-V characteristics of single molecular junctions in a qualitative manner using the single channel transport model and to identify the junction-structures on the basis of the I-V data. Curve fitting on the bias of Eq. 3 for the two preferential conductance states of the BDT junction (i.e., the two averaged I-V curves in Figure 2b ) yielded values of Γ = 85 meV and ε0 = 0.68 eV and Γ = 105 meV and ε0 = 0.70 eV for low and high conductance states, respectively, in which the number of bridging molecules, n, was fixed to be 1. On the other hand, the high conductance state can be fitted by varying n, and we found a fitting result of Γ = 75 meV and ε0 = 0.71 eV for n = 2 for the high conductance state (see also Table 1 ). The number n is likely to be arbitrary, but it has been reported in a large number of the previous single molecular conductance-studies that (i) the most probable number is 1, (ii) the maximum number of n is typically less than n = ~3 or 4, and (iii) formation probability of the multiple molecular junctions are low (e.g., triple junction-formation probabilities of < 28% S8 , 18-55% S9 , and N.A. S10 can be estimated by a comparison of molecular conductance-peak-intensities in conductance histograms. Therefore, the initial curve-fitting was performed with n = 1 and then the multiple-junction formation with n> 1 were considered in our I-V fitting procedure). The obtained set of Γ and ε0 values were closely similar to those found for the low conductance state. The obtained set of Γ and ε0 is closely similar to that found for the low conductance state. For the BDA molecular junctions, the "single" conductance state and the corresponding set of Γ and ε0 values were obtained by fitting statistically averaged I-V characteristics within a reasonable choice of n, which indicates that the single BDA junction displays a single conductance state with a preferential metal-molecule contact configuration.
It should be noted that, in a separate STM-BJ experiment at a fixed bias voltage, formation of the double BDA molecular junction with n = 2 can be seen, as shown in Figure S3 . 
Normalization of the averaged I-V curves of the BDT molecular junction
To take into account the number of bridging molecules (n), the statistically averaged I-V curves of M1, M2, and L were normalized to overlap them each other on the basis of the current at 0.3 V ( Figure S6 ). The multiplication factors are 3, 1, and 0.5 for the curves of L, M1, and M2, respectively. The normalized curves of M1 and M2 are almost identical in the full bias-voltage arrangement, while there is a striking mismatch between L and M (M1 and M2). These results indicate that M1 and M2 belong to the same conductance state (i.e., M) with different values of n = 1,2 (see Figure S6) ; furthermore, this reconfirms that M and L are distinct conductance states.
It should be note here that the conductance of H is more than one order of magnitude larger than that of M, and therefore, the difference in the conductance between H and M is unlikely to be explained by the difference in the number of the bridging molecules (n). Figure S7 shows the conductance histogram for the single BDT molecular junction measured at the fixed bias voltage of 20 mV using the STM-BJ method. The histogram shows three peaks at 0.7, 2, and 20 mG0, which correspond to the three states observed by the I-V measurement (see Table 1 ). The difference of the conductance value between the STM-BJ experiment and the I-V experiment can be explained by the experimental conditions. The conductance of the single molecular junction is measured during the stretching the contact at the fixed low bias voltage (20 mV) in STM-BJ experiment, while it is measured at the fixed electrode separation by sweeping the wide voltage-range (±1 V) for the I-V measurement. Table S2 . List of the BDT-single molecular conductance obtained by STM-BJ experiment. Tables 1 and S1 ). Figure S8 shows histograms of the current ratio in the molecular I-V curves at the bias voltages of ±1.0 V for the BDA and BDT molecular junctions.
STM-BJ measurement of the BDT molecular junction
The current ratio was calculated by dividing the current at 1 V with that at -1 V in the I-V curves.
The I-V curves were found to be symmetric at the positive and negative bias voltages with log(current ratio) = 0 ( Figure S8 ). BDA. Bin size = log(R) = 0.1. The intensity was normalized by the number of samples.
Theoretical models
Figures S9 and S10 show theoretical models of BDT molecular junctions. In the present theoretical models of the BDT junctions, the Au electrodes (clusters) with different shapes consist of different numbers of Au atoms. Therefore, we could not directly compare the energetic stability of the calculated system. In previous theoretical studies, related energetic stability has been investigated for models with thiolate sitting on hollow, bridge and on-top sites on Au surface S11-S13 . Although there are (small) discrepancy on the relative energetic stability among the theoretical calculations, the theoretical studies have suggested the existence of the hollow, bridge and on-top adsorption geometries for thiolate on Au surface. Based on the previous findings, the BDT-junction-models with the hollow, bridge and on-top adsorption-geometries were relaxed and used for the transport calculations in the present study. In addition to the above-mentioned Au/thiolate/Au junctions, we considered formation of Au/thiol/Au junctions, in which the S atom in the Au-S binding group is hydrogenated S14,S15 . It should be noted that, although it has been commonly accepted that a thiol group becomes dehydrogenated during the adsorption and molecular film-formation process on Au surface S16 , theoretical studies have demonstrated existence of Au/thiol/Au junctions (e.g., see refs [S11,S12] ). In relaxed hydrogenated geometry (on-top geometry), molecular orbital that is responsible for charge transport displayed spatially localized nature, which leads to significant reduction of low bias molecular conductance. 
Configuration

Conductance / mG0
On-top 9
Hollow 24
Bridge 220
Bridge-on-top 320
Tilted bridge 270 Table S3 . List of the calculated zero bias conductance of on-top, hollow, bridge, bridge-top and tilted bridge configurations.
